: Collection of known enhancer target gene interactions from literature. DNA sequences from the publications were searched in the genomes of either mouse (mm9) or human (hg18) using the BLAT application at the UCSC website [19, 20] and in case of human subsequently mapped to the mouse coordinate using pairwise blastz alignments for mouse and human downloaded from the UCSC genome browser [21, 20] . We assigned each enhancer an ID and computed the genomic distance d g to the to the transcription start site (TSS) of the described target gene. Table S3 : Gene ontology enrichment analysis of limb and forebrain upregulated genes. We tested 555 genes upregulated in forebrain and 347 for limb [23] for GO enrichment using the Ontologizer software [24] and a population set of 19,569 mouse genes (Parent-child intersection analysis with Bonferroni multiple testing correction). Table S4 : Target gene prediction on putative p300 limb enhancers. Precision and recall values for predictions based genomic distance, conserved synteny score (CSS), the binary random forest classifier (RF), and discriminative RF classifier. For random selection of target genes and random forest classifiers means and standard deviation are shown for 10 repeated evaluations. Table S8 : Gene Ontology (GO) enrichment analysis for 808 limb target genes that were predicted from p300 enhancer that are located more than 1000kb away from a gene which was identified as significantly upregulated in mouse embryonic limb tissues [23] . We used the Ontologizer software [24] for enrichment analysis with a population set of 19,569 mouse genes (Parent-child intersection analysis with Benjamini-Hochberg multiple testing correction). Table S9 : GO enrichment for p300 predicted target genes in forebrain tissues. GO enrichment analysis for 821 forebrain target genes that were predicted from p300 enhancer that are located more than 1000kb away from a gene which was identified as significantly upregulated in mouse embryonic forebrain tissues [23] . We used the Ontologizer software [24] for enrichment analysis with a population set of 19,569 mouse genes (Parent-child intersection analysis with Benjamini-Hochberg multiple testing correction). Figure S1: Definition of conserved synteny. A) p300 binds as a complex with potentially multiple other proteins (denoted by 'x') at enhancers, some of which can be shown to act in a tissue-specific fashion during mouse embryogenesis [23] . However, it is not known which genes these enhancers regulate. Within a genomic window defined by a maximal distance threshold Θ around an enhancer we consider all genes a, b, c, d, e as candidate target genes. B) The regulatory interaction between enhancer and target genes may be subject to evolutionary constraint and restricts the enhancer and target gene to be located in a certain genomic proximity. Such a constraint on colocalization is referred to as 'conserved synteny' and it was shown that putative enhancer regions are strongly enriched in highly conserved syntenic regions [25, 26, 27] . In this example, comparative genome analysis of the genomes of opossum, chicken, and frog reveals that although gene a was subject to genomic rearrangements since the split between mouse and chicken common ancestor reducing the genomic distance, gene a exhibits the highest degree of conserved synteny indicating that it is most likely the target gene. synteny of the enhancer region with an ortholog as defined by Ensembl Compara 58). For the orthologs method, an enhancer-target gene interaction was considered as conserved if at least one of potentially multiple orthologs ('one2many' orthology assignments by Ensembl) was found in conserved synteny with the homologous enhancer region. We applied the three methods on the set of 31 known interactions and 1862 p300 enhancers [23] . Target gene assignment defined by minimal genomic distance is included as a baseline approach. (A-C) Precision and recall performances for 31 known target gene interactions. (D-F) Precision and recall performances for the p300 enhancers. In both data set has the gene-orthology method lower precision and recall values than the promoterbased methods. The higher precision can be explained by the fact that the enhancer specifically interacts with the promoter region and higher recall is due to the greater robustness towards assembly gaps which may disrupt gene predictions. Addition of these two closely related genomes (human dog) does not significantly improve the predictions. A minimal increase in recall is compensated by a slight decrease in precision. All results shown in the main manuscript were therefore performed using the promoter method. Figure S3 : Evolutionary Distances. We used the phylogenetic tree from the 28-way vertebrate alignments [28] and extracted a subtree with the Dendroscope viewer [29] . The distances between these species represent the average number of substitutions per site as calculated by genome-wide blastz alignments [28] . We defined the phylogenetic distance φ(r, s) between different species as used in equation 1 as the branch distances measured in substitutions per site according to this tree. For instance φ(mouse, dog) = 0.9. evaluates all gene pairs in the interval using the four feature values for both genes and four features specifying the comparison between the two genes. In order to use information about the comparison between g i and g j , this information has to be explicitly encoded as an additional feature. The classifier is trained to decide whether g i (1) or g j (2) is target or if neither of them is the target (0). The final prediction score is then computed as the sum of all voting ratios for all predicted target genes and the gene with highest score is reported as target. For instance, gene b is predicted to be the target in rows 1 and 5-7, and its prediction score is thus 0.36+0.63+0.55+0.88=2.42; likewise, the prediction score for gene a, which was the winner in rows 2-4, is 0.63+0.43+0.77=1.83. Genes c, d
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, and e did not win in any comparison, and therefore receive a score of zero. Gene b is chosen as the overall prediction because it has the highest overall score.
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Figure S5: Protein-protein interactions of p300 Highest-confidence p300 protein interactions extracted from the STRING database version 8.2 [30] . Note that EP300 is an alternative name for p300. Figure S7: Random forest classifier specificity for tissue and immunoprecipitated factor. We evaluated the prediction accuracy for the discriminative random forest classifiers to predict enhancer targets on different data sets. Results shown are mean values and standard errors after 10 repeated iterations. Only classifiers that were trained and validated on data of the same tissue (limb, forebrain) and immunoprecipitated protein (p300, Gli3) are able to accurately predict target genes. Data were taken from from Vokes et al. and Visel et al. [31, 23] as in the main manuscript.
